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SILICIDATION METHOD FOR
CONTACTLESS EPROM RELATED DEVICES

This is a continuation of application Ser. No. 07/788,351,
filed Nov. 6, 1991, now abandoned.

BACKGROUND OF THE PRESENT
INVENTION

1. Field of the Invention

The invention relates to the field of semiconductor
memory devices employing floating gates and the processes
and methods for fabricating these devices.

2. Prior Art:

One class of non-volatile semiconductor memories
employs floating gates, that 1s, gates which are completely
surrounded by an insulative layer such as silicon dioxide.
Typically, a polycrystalline silicon (polysilicon) layer is
used to form floating gates. These gates are electrically
charged, most often with electrons by transferring charge
into and from the gates through a variety of mechanisms.
The presence or absence of this charge represents stored,
binary information. An early example of such a device is
shown in U.S. Pat. No. 3,500,142.

A recent category of floating gate memory devices uses
channel injection for charging floating gates and tunneling
for removing charge from the gates. Here, each memory cell
comprises only a single device and the entire memory array
is erased at one time, that is, individual cells or groups of
cells are not separately erasable as in current EEPROMs.

These memories are sometimes referred to as “flash”
EPROMs or “flash” EEPROMs.

U.S. Pat. No. 4,780,424 provides a process for fabricating
a buried bit line device which avoids the increased capaci-
tance of the prior an cells. This process includes fabricating
contactless electrically programmable and electrically eras-
able memory cells. Elongated source and drain regions are
formed, and then field oxide is grown on top of the source
and drain regions. The drain regions are shallow compared
to the source regions. Furthermore, the source regions have
more graded junctions. The floating gates are formed over a
tunnel oxide between the source and drain regions with word
lines being disposed perpendicular to the source and drain
regions. One dimension of the floating gate is formed
simultaneously and in alignment with the word lines.

One problem with the fabrication of the flash contactless
EPROMSs or EEPROMs is that the processing is not com-
patible with self-aligned silicide technology. In the fabrica-
tion of other semiconductor devices, for example MOS
transistors, this technology is used extensively. For example,
during the fabrication of a MOS transistor, a refractory metal
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such as titanium can be deposited on the entire substrate

surface. The substrate will next be put through a silicidation
step, which will typically be accomplished by heating in an
inert ambient or by rapid thermal annealing (RTA). The
refractory metal will react with any exposed silicon or
polysilicon to form a refractory metal silicide. The exposed
silicon regions in the case of a MOS device where the
silicide 1s formed are the same regions where the silicide 1s
desired. Typically, this will be the gates and the source and
drain regions. The refractory metal deposited on areas of the
substrate which are not exposed silicon will either remain
unreacted or will form a refractory metal nitride if the
silicidation step is performed in a nitrogen ambient. A
selective etch will then remove the unreacted refractory
metal or refractory metal nitride while leaving the refractory
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metal silicide in place. Thus, the process forms a silicide on
all regions where the silicide is desired, while removing all
refractory metal from the other regions without a masking
step. Since no masking step is needed, the process is
self-aligned.

In the case of flash contactless EPROMs or EEPROM:s,

unlike the MOS transistor, there are regions of exposed
silicon where no silicide i1s desired. These devices have
elongated, parallel, alternating source and drain regions.
Running perpendicular to these source and drain regions are
elongated parallel polysilicon word lines. While it 1s desir-
able for the polysilicon word lines to be silicidized in order
to lower their resistance, the regions bounded by the source
and drain in one direction and the word lines in the other
cannot be silicidized, as this would cause source to drain
shorting. Unfortunately, these regions are exposed silicon at
the stage of processing when the polysilicon word lines must
be silicidized, so that self-aligned silicidation cannot be used
in order to lower the resistance of the word line.

To overcome this problem, a blanket layer of silicon
dioxide (Si0,) can be deposited, the exposed silicon regions
where no silicide is desired can then be masked, and an etch
performed to remove the Si10, from all other regions of the
substrate. Following this, the silicidation can be performed.
However, this method is an unsatisfactory solution since it
involves a deposition, masking and etch step in addition to
the self-aligned silicide processing. Instead, the lowering of
the resistance of the word lines is typically accomplished by
first depositing a refractory metal silicide on the substrate
surface. This 1s followed by a masking step and an etch step
to leave the silicide on the word lines and nowhere else.
Typically, tungsten silicide (WS1,) is used, even though 1t
has a higher resistance than, e.g., titanium silicide (T181,).
Titanium silicide is not used because, although it is desirable
for its low resistance, it 1S much more difficult to etch than
tungsten silicide. As an alternative to the deposition of a
refractory metal followed by masking and etch, a heavily
doped polysilicon can be used for the word lines. Although
this method has the advantage of not requiring an additional
masking and etch step, the resistance of heavily doped
polysilicon is higher than any of the refractory metal sili-
cides.

In addition to the processing advantages that self aligned

silicidation offers, it is further desirous to use this technol-
ogy during the contactless EPROM or flash EPROM manu-

facturing because it can be performed for the memory array
simultaneously with the silicidation step of the peripheral
circuits, thus further reducing processing steps.

What is needed is a process for fabricating flash array
contactless EPROMs or EEPROMs which is compatible
with self-aligned silicide technology. It 1s further desirable
that any such process does not involve additional masking
steps.

SUMMARY OF THE INVENTION

A process for fabricating contactless electrically program-
mable and electrically erasable floating gate memory
devices is described. The process of the present invention 1s
compatible with self aligned silicide (“salicide”) technology.

The present invention is practiced on floating gate
memory devices of the flash contactless EPROM or
EEPROM type. The array of devices of this type comprises
clongated parallel spaced-apart polysilicon word lines and
clongated parallel spaced-apart alternating buried sources
and drains. After formation of the polysilicon word lines,
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there are regions of exposed silicon bounded by the two
adjacent word lines, a source and a drain.

In the present invention the self aligned silicidation step
is performed to decrease the resistance of the word lines. In
order to prevent silicidation of the exposed silicon substrate
regions and the consequent source to drain shorting, a series
of S10, depositions and etchbacks are preformed. The word
lines bounding these exposed regions are at a height of 0.5
microns, and are spaced approximately 0.5-1.0 micron
apart. The sequence of depositions and etchbacks 1is
designed to fill these regions. That is, to form a relatively
planar S10, surface above the array. During the final etch-
back, enough Si0O, is removed to expose the word lines,
while leaving some S10, in regions between the word lines.

First, a PECVD deposition of approximately 3000 A, of
510, using TEOS chemistry 1s performed. Next, approxi-
mately one half of the thickness of this layer is removed by
sputtering. A second deposition of approximately 2.5 to 3
microns of Si0, using TEOS chemistry is preformed.
Finally, a plasma etch using CF, and O, 1s performed to
remove Sufficient Si0, to expose the word lines while
leaving the previously exposed Silicon regions filled with
S10,,.

Finally, a layer of silicide forming metal such as titanium
1s deposited on the substrate. A silicidation step 1s performed
by heating the substrate in an inert ambient or by rapid
thermal annealing to form a silicide on the word lines,
thereby lowering their resistance. Since the regions between
the word lines and the sources said drains are now covered
with 510,, no silicide 1s formed in these regions. After the
silicidation step a selective etch 1s performed to remove all

unsilicidized metal from all other regions of the substrate
while leaving the silicide on the word lines.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional elevation view of a semicon-
ductor substrate with a runnel oxide layer, a polysilicon
floating gate, an insulating layer and a polysilicon word line
formed thereon.

FIG. 2 is a plan view of the semiconductor substrate of
FIG. 1.

FIG. 3 1s the structure of FIGS. 1 and 2 after deposition
of a first silicon dioxide layer.

FIG. 4 is the structure of FIG. 3 after a partial etch of the
fast silicon dioxide layer.

FIG. 5 is the structure of FIG. 4 after the deposition of a
second silicon dioxide layer.

FIG. 6 1s the structure of FIG. § after a blanket etchback
of silicon dioxide.

FIG. 7 is the structure of FIG. 6 after metal deposition,
silicidation and etch.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

A process for fabricating electrically programmable and
electrically erasable floating gate memory devices is
described. In the following description, numerous specific
details are set forth such as specific doping levels, etc., in
order to provide a thorough understanding of the present
invention. It will be obvious, however, to one skilled in the
art that these specific details need not be employed to
practice the present invention. In other instances, well-
known processing steps are not described in detail in order
not to obscure unnecessarily the present invention.
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The memory cells of the present invention are fabricated
using standard metal-oxide-semiconductor (MOS) process-
ing. The array which contains the cells, in the currently
preferred embodiment is fabricated of n-channel devices on
a p-type substrate. The peripheral circuits can employ either
n-channel devices or complementary MOS (CMOS)
devices. However, the present invention can also be used to
fabricate an array of p-channel devices on an n-type sub-
strate, with the peripheral circuits employing either p-chan-
nel or CMOS devices.

Referring to FIG. 1, a cross-sectional elevation view of a
portion of a buried bit line EEPROM device during fabri-
cation is shown. In the following description and Figures it
will be understood that only a small portion of the semi-
conductor substrate is described or shown. The structures in
the regions 33 of FIG. 1 comprise a tunnel oxide 20 disposed
directly on silicon substrate 10. Disposed on top of the
tunnel oxide 20 is the floating gate 25. On top of floating
gate 25 is insulating layer 30. Above insulating layer 30 is
polysilicon word line 40. In the currently preferred embodi-
ment tunnel oxide 20 1s made of silicon dioxide (S10,) with
a thickness of approximately 110 A. Floating gate 25 is
made of doped polysilicon with a thickness of approxi-
mately 1500 A. Also in the currently preferred embodiment,
insulating layer 30 is a multi-layer structure comprising a
first oxide layer, a silicon nitride layer and a second oxide
layer. The total electrical thickness of insulating layer 30 is
in the range of approximately 150-200 A. Polysilicon layer
40 is disposed on top of insulating layer 30. Polysilicon layer
40 has a thickness of approximately 3000 A and runs in long
strips perpendicular to the plane of FIG. 1. Floating gate 25
and insulating layer 30 are disposed over the channel region
and slightly overlap the source and drain region of each cell.
Tunnel oxide 20 extends to a self aligned thick oxide 26 (not
shown) which is disposed over the source and drain. Also
shown in FIG. 1 is spacer 45. Spacer 45 1s made of S10, in
the currently preferred embodiment. Alternatively, spacer 45
may be made of silicon nitride (Si;N,). In the currently
preferred embodiment spacer 45 is formed by first confor-
mally depositing approximately 2000-2500 A of SiO, by
atmospheric pressure chemical vapor deposition (APCVD)
on the entire substrate 10. Next, an anisotropic etchback by
reactive ion etching (RIE) or plasma etching is performed to
remove the entire thickness of S10,. After this deposition
and etchback spacer 45 will remain on the sides of the
structures of FIG. 1 as shown in that Figure due to the
conformal APCVD 810, deposition. Generally, if
2000-2500 A of SiO, is deposited, the thickness of spacer
45 will be approximately 15002000 A. The structures of

FIG. 1 are formed by methods well known by persons
skilled in the art.

FIG. 2 shows the top view of the device upon which the
present invention is practiced in the currently preferred
embodiment. The location of the cross sectional view of
FIG. 1 is shown by the line marked A—A. The cross
sectional view of FIG. 1 shows only 2 of the 3 polysilicon
word lines 40 crossed by the line A—A in FIG. 2. As can
been seen from FIG. 2, word lines 40 are continuous,
elongated, parallel strips which are perpendicular to and
cross over source regions 21 and drain regions 22. The
region of silicon substrate 10 between source regions 21 and
drain regions 22 is known as the channel region of the
device. It 1s in this region that electrons flow from floating
gate to source during erase and from drain to fioating gate
during programming,

Referring to FIG. 2, various regions 31 through 35 are
shown. The regions 31 through 35 are not necessarily
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structures on the surface of silicon substrate 10. Rather,
these regions are identified in reference to the cross-sec-
tional make-up of the device at the stage in processing
shown in FIG. 1 in each of the identified regions 31-35
shown in FIG. 2. Regions 31-35 are identified separately
because the underlying structure in each of these regions is
different. Regions 33 and 34 of FIG. 2 have also been
identified on FIG. 1. Spacer 45 of FIG. 1 is not shown on
FIG. 2 for convenience. Spacer 4§, if shown on FIG. 2,
would run alongside the upper and lower edge of the

polysilicon word lines 40.

In the regions 31, polysilicon word line 40 is the upper-
most structure. Underlying polysilicon word line 40 is a
self-aligned thick oxide 26 (not shown) made of -silicon
dioxide (SiO,). The thickness of serf-aligned thick oxide 26
is approximately 2000 A. Undemeath self-aligned thick
oxide 26 in the regions 31 is either the source 21 or the drain
22. Under the source 21 or drain 22 is the silicon substrate
10. In the regions identified as 33, polysilicon word line 40
i1s again the upper-most structure. Underlying polysilicon
word line 40 is insulating layer 30. Underneath insulating
layer 30 1s floating gate 25. Under floating gate 23 is tunnel
oxide 20 and under tunnel oxide 20 is silicon substrate 10.

Floating gate 25 and insulating layer 30 are not com-
pletely confined to the regions 33 but slightly overlap source
21 on one side and drain 22 on the other. The regions where
floating gate 25 and insulating layer 30 overlie either a
source 21 or a drain 22 are shown as regions 35. Thus, in the
regions 35 underlying word line 40 is insulating layer 30 and
floating gate 25. Under floating gate 25 is self-aligned thick
oxide 26, then either source 21 or drain 22. Under the source
21 or drain 22 is the silicon substrate 10.

In the regions 32, the upper most surface is the self-

aligned thick oxide 26. Beneath self-aligned thick oxide 26

is either source 21 or drain 22. Underlying the source 21 or
drain 22 is the silicon substrate 10. In regions 34 silicon
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substrate 10 is the. upper most surface. That is, silicon

substrate 10 is exposed in the regions 34. The regions 34 will
have had approximately 110 A of SiO, after tunnel oxide
deposition. However, after processing io define the word
lines 40, approximately one half of this S10, 1s etched. After

the spacers 45 are formed, all Si0, in the regions 34 has
been removed, exposing silicon substrate 10 in the regions

34.

The structure shown in FIGS. 1 and 2 can be formed by
the methods disclosed in the patents referred to in the
background section, by other well known methods, or by the
methods disclosed in pending application Ser. No. 563,098,
now U.S. Pat. No. 3,077,230, now abandoned and Ser. No.
609,192, now U.S. Pat. No. 5,102,814 which applications

are assigned to the assignee of

As previously discussed word lines 40 are made of
polysilicon. It is desirable to decrease the electrical resis-
tance of word line 40 in order to improve device perfor-
mance. As stated in the background section, this is normally
done by depositing a blanket tungsten silicide layer, masking
the word lines 40, and etching the tungsten silicide from all
regions except word lines 40. Although titanium silicide
would have a lower resistance, it is not generally used
because the etch of titanium silicide 1s difficult in practice.
Alternatively, word lines 40 can be made of heavily doped
polysilicon. Although this has the advantage of eliminating
the extra deposition, masking and etch step, this method
results in a higher resistance than the tungsten silicide
approach.

Normally, it would be preferréd to use self-aligned silicide
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technology. That.is blanket deposit a layer of metal (pref-
erably titanium because of the low resistance of titanium
silicide) and then anneal the substrate to form a metal
silicide in regions where the metal is in contact with silicon
or polysilicon. Next, perform a selective etch to remove
unreacted metal from all other regions and leave the metal
silicide in-place. As previously discussed, this technology is
referred to as self-aligned because it forms a metal silicide
in the regions where it is desired, and allows the removal of
the unreacted metal from all other regions without a masking

Step.

As can be seen from FIGS. 1 and 2, this technology is not
feasible for the flash contactless EPROMs or EEPROMs. In
these devices, it is necessary to silicidize only word lines 40.
However, if a refractory metal deposit followed by silicida-
tion is performed, a refractory metal silicide will be formed
in the regions 34 as well as on the word lines 40. This would
render the device completely nonfunctional, as the refrac-
tory metal silicide in regions 34 would electrically connect
and therefore short out the alternating sources 21 and drains
22. Of course, regions 32 present no problem as the exposed
material in this region is silicon dioxide. Therefore, in these
regions no silicide will be formed and the refractory metal
will be removed in the selective etch. Therefore, if silicide
formation can prevented in the regions 34, then self-aligned
silicide technology can be utilized in order to silicidize word
lines 40 and thereby lower the resistance of the word lines

40).

In order to accomplish a self-aligned silicidation of word
lines 40, without unwanted silicidation occurring in the
regions 34, the regions 34 are covered with SiO, before the
silicidation step. In order to cover the regions 34 with 510,
while leaving the polysilicon of the word lines 40 exposed,
without the use of a masking step, the structures of FIGS. 1
and 2 are processed through a sequence of Si0O, deposition
and etchback steps as described below in conjunction with
FIGS. 3-7 in the present invention.

The deposition and etch steps are designed to leave
sufficient Si0, in regions 34, while removing all 8§10, from
word lines 40. Generally, no silicidation will occur if there
is at least 200 A of SiO, in the regions 34. In order to
eliminate the need for a masking step, the SiO, must be
deposited to a greater height above the surface of the array
in the regions 34 of FIGS. 1 and 2, than above the word lines
40 of FIG. 1 (regions 31, 33 and 35 of FIG. 2). That is, the

Si0, must fill the gaps between adjacent word lines 40.

The success of a deposition process can be measured by
the difference between the SiO, height in regions 34 and the
Si0, height on the word lines. A large difference is desirable
since then it is possible to etch back all Si0, from the word
lines 40 while leaving sufficient SiO, in the regions 34. For
a given deposition sequence, the difference in S10, height
between the word lines 40 and the regions 34 vares
inversely with the width of the spacing between word fines
40 (“gap width”). Thus, a greater SiO,, height difference will
occur when the space between word lines 40 1s small. The
preferred deposition and etch sequence described below will
produce a sufficient height difference to prevent silicidation
in the regions 34 while allowing complete removal of $10,
from the word lines 40 when the spacing between the
adjacent word lines 40 is approximately 1.6 microns or
smaller. Since the SiO, height difference varies with gap
width, all widths on a given substrate should be sufficiently
uniform to allow sufficient SiO, to remain in the gaps after
etch back while allowing for complete removal of the S10,
from the area to be silicidized.

In the device on which the present invention 1s practiced,
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all regions 34 of substrate 10 where silicide formation must
be prevented are approximately the same dimension. In the
currently preferred embodiment, the distance from one word
line 40 to the next word line 40 is approximately 0.8-1.2
microns. It i1s to be expected that in future devices this

dimension will decrease as the cell size is scaled down. As
noted above, the resultant smaller gap size will make gap
filling easier and allow for greater latitude in which the
present invention can be practiced. Also in the currently
preferred embodiment, the height of the word lines 40 above
regions 34 is approximately 4500 A.

In the currently preferring embodiment of the present
invention the S10, 1s deposited using tetraethyl orthosilicate
(TEOS) chemistry. Also in the currently preferred embodi-
ment a plasma enhanced chemical vapor deposition
(PECVD) process is used. The term PTEOS 1s used to
denote Si0O, deposited in a PECVD process using TEOS
chemuistry.

In a currently preierred embodiment of the present inven-

tion all deposition and etch steps are carded out in the
Applied Materials Precision 5000 CVD system.

Referring to FIG. 3, the structure of FIGS. 1 and 2
undergoes a PTEOS deposition of Si0, to form S10, layer
50. The thickness of Si0, layer 50 in the currently preferred
embodiment of the present invention is approximately
0.3-0.4 microns. The deposition of SiO, layer 50 is per-
formed in the currently preferred embodiment by flowing
approximately 500 to 700 standard cubic centimeters per
minutes (SCCM) of Oxygen and approximately 600 to 800
SCCM of TEOS vapor into the reaction chamber containing
semiconductor substrate 10. The TEOS may be vaporized by
flowing an inert gas such a helium through liquid TEOS

which is heated to a temperature in the range of 35° C. to 45°
C

Following the first PTEOS S10, deposition an argon
sputter etch 1s performed. In the currently preferred embodi-
ment the etchback is carried out for 200 seconds at a power
of approximately 450 W and a pressure of 100 mTorr. This
etchback will remove approximately 500-700 A of the SiO,
deposited by the fast PTEOS deposition. Since the etchback
will remove more of the S10, from the tops of the word lines
40 and other flat surfaces of the substrate than the gaps, the
effect 1s be to remove more SiO, from the regions 33 than
the regions 34 thus helping to fill the gaps. The resulting
structure after the etchback is shown in FIG. 4. Si10, layer
S0a of FIG. 4 represents the remaining Si0O, after the above
described etch of Si10, layer 30 of FIG. 3.

Next a second, thicker layer of Si0, is deposited in a
PTEOS process. Referring to FIG. 5, the second PTEOS
deposition of S10, results in Si0O, layer 31. In the currently
preferred embodiment S10, layer S1 1s deposited to a
thickness of approximately 2.5 to 3 microns. The second
PTEOS deposition 1s carried out using the same parameters
as the first deposition. Under these conditions, the deposition
rate of SiO, is approximately 2,500 and 3000 A per minute.
It the spacing between adjacent word lines 40 is less than
approximately 0.8 microns, Si0, layer 51 could be depos-
ited to a thickness of approximately 1.5-2.0 microns.

As can be seen from FIG. 5, at this point in processing the
upper most surface of Si0, layer S1 is relatively planar.
Therefore, when the etch described below is performed, all
510, can be removed from the surface of word lines 40
while leaving S10, in the regions 34, since the etch proceeds
at a uniform rate. In the currently preferred embodiment, a
plasma etch is performed on the structure of FIG. 5. The
etchback of layers 50 and 51 1s performed in a mixture of
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carbon tetrafinoride (CF,)and oxygen (O,) gases to etch the
510, . Oxygen gas 1s flowed at a rate of approximately 40
to 60 SCCM, and CF, flows at a rate of 80 to 120 SCCM in
the currently preferred embodiment. Also in the currently
preferred embodiment approximately 500 to 600 watts of
power are applied to the RF induction source at room
temperature, while the chamber is maintained at a pressure
of approximately 0.3 to 0.4 torr.

Referring to FIG. 6, the structure of FIG. 5 1s shown after
the above described plasma etch. As can be seen from FIG.
6, the word lines 40 are free of SiO,, while the region 34
remain filled with Si0,. The filling or plug of Si0O, remain-
ing in the regions 34 is shown as plugs 55 in FIG. 6.

After the 810, has been etched to leave word lines 40
exposed, a blanket layer of titanium (Ti) is deposited to a
thickness of approximately 600-800 A in the currently
preferred embodiment. Although the currently preferred
embodiment uses Ti, it would be obvious to one skilled in
the art that any refractory or near noble metal could be used
to lower the resistance of the word lines 40. Afier the Ti
deposition a silicidation step is preformed. The silicidation
1§ performed in the currently preferred embodiment by rapid
thermal annealing (RTA) at a temperature of approximately
725° C. for approximately 20 seconds in a nitrogen (N,)
ambient. Alternatively the silicidation step could be accom-
plished by furnace annealing.

After the silicidation step a selective etch is preformed to
remove the remaining unreacted metal from all regions of
the surface where the silicide has not been formed, for
example, from all regions other than word lines 40 in the
array. In the currently preferred embodiment the etch is
performed by submerging the substrates 10 in a mixture of
hydrogen peroxide (H,O,) ammonium hydroxide (NH,OH)
and water in the ratio of H,O,:NH,OH:H,0=2:1:1 for 20
minutes. FIG. 7 shows substrate 10 after metal deposition,
silicidation, and selective etch. As can be seen from FIG. 7
the word lines 40 have been silicidized, while the regions 34
remain free of silicide due to the remaining SiO,, plugs 55 of
FIG. 6. As shown in FIG. 7, word lines 40 of the previous
Figures have been partially silicidized. Layer 40a of FIG. 7
shows the portion of polysilicon layer 40 which is unreacted,
and layer 40b of FIG. 7 shows the portion which has been
silicidized to form a metal silicide. Alternatively, a complete
silicidation of the word lines 40 can be performed, which
would result in the entire thickness of the word lines 40
being silicidized.

Thus, a process is described for performing silicidation of
the word lines on Flash contactless type EPROM or
EEPROM devices. In the process of the present invention,
silicidation 1s carried out on the word lines while being
prevented on all other regions, such that source to drain
shorting does not occur. Additionally, a relatively planar
surface is achieved by the present invention, which is helpful
in later stages of processing such as contact and metal steps.

I claim:

1. A process for forming a silicide on an array of floating
gate memory devices, said array having first regions of
exposed silicon where silicide is to be formed and having
second regions of exposed silicon where no silicide is to be
formed, said process comprising the steps of:

depositing an oxide on said array;

etching said oxide from said first regions while leaving at
least a portion of said oxide in said second regions, said
steps of depositing said oxide and etching said oxide

from said first regions while leaving at least a portion
of said oxide in said second regions being performed
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without use of a masking layer;

deposifing metal on said array in said first regions and on
said unetched portion of said oxide in said second
regions;

forming a metal silicide in said first regions; and

removing said metal from all regions of said array except

said first regions.

2. The process as in claim 1 wherein said process of
depositing metal on said array, forming a metal silicide in
said first regions, and removing said metal from all regions
of said array except said first regions is performed without
use of a masking layer.

3. The process as in claim 1 wherein said metal comprises

titanium and said metal silicide comprises titanium silicide.

4. The process as in claim 1 wherein said deposition and
said etch of said oxide comprise the steps of:

depositing a first oxide layer by PECVD using TEOS as
a precursor;

etching some of said first layer by sputter etch;

depositing a second oxide layer by PECVD using TEOS
as a precursor; and,

etching said first and said second oxide layers from said
first regions while leaving some oxide in said second
regions. |

5. The process as in claim 4 wherein the thickness of said
first oxide layer is in the range of 1000 to S000A, said
etching of said first layer by sputter etch removes 500 to
4000A of said first oxide layer, and said second oxide layer
1s deposited to a thickness of 1-4 microns.

6. The process as in claim 1 wherein the thickness of
oxide remaining in said second regions after said etch is at
least 200 A.

7. The process as in claim 4 wherein the thickness of
oxide remaining in said second regions after said etch 1s at

least 200 A. .
8. The process as in claim 5§ wherein the thickness of

oxide remaining in said second regions after said etch is at
least 200 A.
9. The process as in claim 1 wherein said first regions of
exposed silicon comprise polysilicon word lines.
10. The process as in claim 2 wherein said first regions of
exposed silicon comprise polysilicon word lines.
11, The process as in claim 3 wherein said first regions of
exposed silicon comprise polysilicon word lines.
12. The process as in claim 4 wherein said first regions of
exposed silicon comprise polysilicon word lines.
13. The process as in claim § wherein said first regions of
exposed silicon comprise polysilicon word lines.
14. The process as in claim 6 wherein said first regions of
exposed silicon comprise polysilicon word lines.
15. The process as in claim 7 wherein said first regions of
exposed silicon comprise polysilicon word lines.
16. The process as in claim 8 wherein said fast regions of
exposed silicon compnse polysilicon word lines.
17. The process as described in claim 1 wherein said array
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of floating gate memory devices comprises elongated spaced
apart diffusion regions, and elongated, spaced apart conduc-
tive regions disposed above and substantially perpendicular
to said diffusion regions, and wherein said second regions
are disposed between said diffusion regions and between
said conductive regions.

18. The process as described in claim 3 wherein said array
of floating gate memory devices comprises elongated spaced
apart diffusion regions, and elongated, spaced apart conduc-
tive regions disposed above and substantially perpendicular
to said diffusion regions, and wherein said second regions
are disposed between said diffusion regions and between
said conductive regions, |

19. The process as described in claim 4 wherein said array
of floating gate memory devices comprises elongated spaced
apart diffusion regions, and elongated, spaced apart conduc-
tive regions disposed above and substantially perpendicular
to said diffusion regions, and wherein said second regions
are disposed between said diffusion regions and between
said conductive regions.

20. The process as described in claim S wherein said array
of floating gate memory devices comprises elongated spaced
apart diffusion regions, and clongated, spaced apart conduc-
tive regions disposed above and substantially perpendicular
to said diffusion regions, and wherein said second regions
are disposed between said diffusion regions and between
said conductive regions.

21. The process as described in claim 6 wherein said array

~ of floating gate memory devices comprises elongated spaced

apart diffusion regions, and elongated, spaced apart conduc-

~ tive regions disposed above and substantially perpendicular

to said diffusion regions, and wherein said second regions
are disposed between said diffusion regions and between
said conductive regions.

22. The process as described in claim 7 wherein said array

~ of floating gate memory devices comprises elongated spaced

apart diffusion regions, and elongated, spaced apart conduc-
tive regions disposed above and substantially perpendicular
to said diffusion regions, and wherein said second regions
are disposed between said diffusion regions and between
said conductive regions.

23. The process as described in claim 8 wherein said array
of floating gate memory devices comprises elongated spaced
apart diffusion regions, and elongated, spaced apart conduc-
tive regions disposed above and substantially perpendicular
to said diffusion regions, and wherein said second regions
are disposed between said diffusion regions and between |
said conductive regions.

24. The process as described in claim 9 wherein said array
of floating gate memory devices comprises elongated spaced
apart diffusion regions, and elongated, spaced apart conduc-
tive regions disposed above and substantially perpendicular
to said diffusion regions, and wherein said second regions
are disposed between said diffusion regions and between
said conductive regions.

C . T T T
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